


Institutional Archive of the Naval Postgraduate School 


Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations 1. Thesis and Dissertation Collection, all items 


1984-03 


Representation of small-arms effects In 
aggregated force-on-force combat models. 


Lane, Lawrence B. 


Monterey, California. Naval Postgraduate School 
http://hdl.handle.net/10945/19532 


This publication is a work of the U.S. Government as defined in Title 17, United 
States Code, Section 101. Copyright protection is not available for this work in the 
United States. 


Downloaded from NPS Archive: Calhoun 


Calhoun is the Naval Postgraduate School's public access digital repository for 
| (8 D U DLEY research materials and institutional publications created by the NPS community. 
«ist sia Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 


NY KNOX appointed — and published -- scholarly author. 

ia) LIBRARY Dudley Knox Library / Naval Postgraduate School 

411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 





http://www.nps.edu/library 


= 2 Fe C 

” st ose 4 oft bee oh : y : hy 

of hee ¢ . % A ae 4 Para. wis de, +4 4 yr ayy 
+e eae CA Le haya ni + : CEL 

Pct 
Ke TAS pepe ira ys 
he in 6-4, a an aed 
oe PAST BD Ahecs 145 
Ah Bs min iy, 46 "e: 


car 2 sta, hs ‘ ae le. 

- tha te, c ya 
Winans oan STANK ea 
auiw, Yan i “4 r vir Pe * 9m, tar 4 
! nee, Mi hak oY 
SU din tay wh , tty i Mare ig Te 
“%& * % &8 Wee i < Meats 

bs oe 
® 
; ~ 7 18 Me, fe rey Rover, 5 
Mr A SM | oe : = beak Wh SSetl 9g. ; Yul svg came er ore Aa Ops 5 Phen 
ieee we 4% ‘t itt, at f. TT atyre ; an se? pte 2's ue tae ‘ MOTs ar ) Ae a4 " 
wien ences 70 TARA SUE be a eT we bat Ed sty XY 


by 
IMs box, 2 a, 
bade ‘ AAA ty ; 
. hand +9 rie Pet y i Ls yt i. near 
Ce fee +5 haw anes Reet LT ey tsb Wt ay Wace 
WY dhcp we la gh hase ty ae ae ‘ x 


Ribgieratiy oo PY PAM ma, ane 4 “a. UNE; 
Wi Satin das) nih " Ms a 4 by « poe Gd aN, 
Ter. qh i ya ve aS ted ote Keane 
< Le. > 


tee X i 
s Sacre 4 ‘. 4 rs tomy 
vs. HOW Ae br agted ¥ ‘seman .: y ek hn ww tome 
NEARS Ey atc SARL Ri iE rite bX TET hia SP RiY Sb RCO eS 
We IRN we a! £ ene,’ ih, Bald, wee 2 te re's ‘ot pe i > Sibe . of Ta a, 
vane i Ad st : ‘ < = ay ; hte 5 NOs §, es 8 oe AS Meo Nea i Hes < 
¢ gee Page teh. at ‘ ke : PM Naas ep i Ocean SN st tice ae, & ts oom 
AT ia ae iyi Pattee bey : ieee eae tee Re tS Lit erm Whe wet pena ety 
anes gah Ieee a ae AN ee ay Oe ee PA aod Le a na TOR Sh SN, aay be! : panne tke ail. 
U ae = . : 5 : ‘ ¢® aa\"y RS yi "13 i ee e 
oe atta ale ly, : Cine Od ve ay ea) St asi rah Yk Ht we, res 5 “aR wae t ae 
} eri ; oe » 9 ANH ora te VINE OAM, Coney ee ee OF, Bee 2 EY AMT Aaa oe 
GO aes. : Ce Tn Fd, TET e ee vinta: Sf hes © Ohara gh es OLS We ne , coe ie. ter ah oh 
ab Lal Sra a a Sts “2 wats | F ; Mic hades Ga ees : ¢ Hast nm ape ead al} ana AS 
On ee rt : : SA URN hat ven eh ie ee tee rs, z Re he: 45c4 rigitet win tals 
r pis Wary Z sly Lanes CA » ak ARAN eg Miele me 4.4 2 OM : . See A bokeh} Word 
&) A bode a) "SoUragh et & *9. Laat tt Stream ee TK Wh : BS te Wel na fd, Fee ay 
Sieg ee bea! ‘ey 2 Tht za he c 4 eg nnn detae.® . hed Mir Seare 
eran Sistas LY RS Ct MOEA NARS US Sehaa toe CMe 


> & 4 ashy hp NS, 
Mite yt “hay 

AT epee see Bache: Sey a) 

‘ gt a te Fame 

carat ty 


faze, f 2 s 3 De weanty. 
mo s kad) Ket “oe Mey Bh, SPAR oy 98 20 3% ray tee eh Buy ate! 
“yak, 4 adda Ly aioe, ; ae} 
bh ary 
Rt wag Mun ete, 6%, Timms 
Phe Wale, EADS Not Wie gy aoe tee NOM heey ae nh Fey amin te < 
+S Maer, ru tw & nk faatee os partes 
. wis , 
y 


"atab,"s, 
SLAY Bee Sr 
vise is 
aa oe a 


Lal ae 
2's 
ne 


we ees 
2 


heed 


Bd 


Ne WCC re 
mn ie we >, Ny 
Nhe FRAT Ley 


Me . 


7 
‘a. 2 


oo 

ey 
a 
: 


Pee ee 


* 


i aed 7 r 
spunky sd 
ra k : 
“ay ae 


a 
Mes SB as 


wore 
‘sap 


se 


“das? 
Fe. 


= 


oa ee 
ae 


as 
oe 
5 


wakes 


Me 
Spear, 


oF, Ru 
rae 
a Aes 


i 
oo 


5 OM afecd cae as 
4 e 
hoe 


et 


Hyp get 
ped e 
th wiv 


« 


ae 
. hed 


PF sF + tn 
t, "Na ser hy 


1 wo. 


te 
Wrecae: 
NE Pee oy 
ye wh te: 
a> SOR 
Fer 25 “Fess ore. 
ee yy A PES 0. cogiye 
SET FE rpg 
. ’ yi DP 
“ "e ae : if 
ses fF ohne yay T% weg ate M 
f Beate Pyles cine ye ; 
f "i hope pM gtr go 0g fe 
a e.y er . ft : rr y : d ; 
eNLeY A unin Fi - 
Re - 4 a 


‘a4 * 
» £3 "8 
¥ 
ae 


, 7s oe os 
OP Ae Rnd ts | 
Ae FOS y . gy 
Mir y in f 
Fo tie, mice f 


¥ A) = 
ry . os ene gs a eer 
rie ti arenes! 25 PifY Foe g Sf SIE HOES 
’ in a t : Ar sty D MeT se atee RiP | ‘i > ideale tok ee * y uy wpe ge fe Py 
iu eee, “try Tent gee hy : i re ieee at, 8 13H ET Ra tee eet ve ye ea: cs if ie ban Ata on a re 
PT on rn) eer . : : a, ge ’ oy fo Wak i 4 a9 i) . D ry. t = ¢ 
aa Pg ct ye Boge CO oe “, ; Fee. ast ost 2 yt a al warhe tee { REO E te * gt ad Spe 9 
Ch s , a 


-.* 


att 


oe 
vag 
fd ra, 


as 
~ 


Pon eke eae Bey wig ip Dye PW lee wilt. 
Ar veh aes ef, ge eae ee 
aT wtare i Or LU Wo plowyidnige at 
' . pe ft A iy” a. 
fi : i aS a . £ ake? Par . 
ere. 7; et bdlad Art he Ep ks eee $2 eat gt seat 
se el . } ? 


we 
Ft 
1 an 
+ DS Adee ak Epo 
"gt gts wf tegen aye 
Pit on 


yt 
PH 
4 $ * ie: te Oy 
: Piet on . it i dial d  raputibencae 
" é St an” ot e ‘ vw 
maplige ” Ws 9 * we . 7 ( . 
4 mig ee wiser ae Pay ié a be ¥ * opti, 
ae Fer tp Ce oh aperges FeO faErgs rh Val 
ie Fs wey 
weep’ 
ek iy 
Ape ge Sen 
—— afc *< rg ie 


LSA a 
i - ) 
Woah tg al hes s = vee 
rhe wg 


Pah ou , M a ie 
;: : SHOP ney bape wy Be - 
Leen Its spel - SW ky 3 Se 
via f, " . . Bid 


. 


Poy re 
ft ed gv} 
STN SY To e084; 
é 


a Ps ae ae = “< 
fo EW at yi meet aS STR tle + 





DUDLEY KNOX LIBRARY 
NAVAL POSTGRLDUATE SCHOOL 
MONTEREY, COLT WO ~~ Soke 








NAVAL POSTGRADUATE SCHOOL 


Monterey, California 





1AEStIS 


REPRESENTATION OF SMALL-ARMS EFFECTS IN 
AGGREGATED FORCE-ON-FORCE COMBAT MODELS 


by 
Lawrence B. Lane 


March, 1984 


Thesis Advisor: J. G. Tayiior 


Approved for public release, distribution “Io l - 
y 
(41/7 











SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered) 


REP RHADINSTRUCTIONS ORNIA ¢ 


4. TITLE (and Subtitie) 5. TYPE OF REPORT & PERIOD COVERED 


Representation of Small-Arms Effects in Master's Thesis; 
Aggregated Force-on-Force Combat Models March 1984 


6. PERFORMING ORG. REPORT NUMBER 


8. CONTRACT OR GRANT NUMBER(S) 



















7. AUTHOR(as) 


Lawrence B. Lane 







10. PROGRAM ELEMENT, PROJECT, TASK 
AREA & WORK UNIT NUMBERS 


12. REPORT DATE 
March 1984 
13. NUMBER OF PAGES 


ID 


MONITORING AGENCY NAME & ADORESS(If different trom Controlling Office) | 15. SECURITY CLASS. (of thta report) 


9. PERFORMING ORGANIZATION NAME ANO AOORESS 


Naval Postgraduate School 
Monterey, California 93943 


















- CONTROLLING OFFICE NAME ANO ADORESS 


Naval Postgraduate School 
Monterey, California 93943 





Unclassified 


Se. OECLASSIFICATION/ DOWNGRADING 
SCHEOULE 


» DISTRIBUTION STATEMENT (of thie Report) 


Approved for public release; distribution unlimited 


- OCISTRIBUTION STATEMENT (of the edetract entered in Block 20, if different from Report) 


- SUPPLEMENTARY NOTES 


- KEY WORDS (Continue on reverse eide if neceeeary and identify by biock number) 
Smal1-Arms 


Attrition-Modelling 
Combat Models 





20. ABSTRACT (Continue on reveree cide if neceeeary and identify by biock number) ; 
This thesis explores the problem of determining the relative worth of 


small-arms in a combined arms scenario by using aggregated models. The docu- 
mentation of current operational models is reviewed to see how the effects of 
small-arms have been represented in general, and in large scale aggregated- 
force models in particular. After investigation of the main uses of small- 
arms, an inference is drawn that the contribution of small-arms is only implied 


in current models. 


DD jan 73 1473  EOITION OF 1 NOV 651s OBSOLETE 
S/N 0102+ LF- 014-6601 1 secURITY CLASSIFICATION OF THIS PAGE (When Data Enterec’ 


2} 





Bepecved for public release; distribution unlimited. 


Representation of Smali-Arms Effects in 
Aggregated Force~-on-Force Combat Models 


by 


Lawrence B. Lane 
Captain, United States’ Marine Corps 
B.S., xensselaer Polytechnic Institute, 1977 


Submitted in partial fulfillment of the 
requirements fcr the degree or 


Meet bawOr SCLENCE IN SYSTEMS TECHNOLOGY 
(Command, Control and Communications) 


from the 


NAVAL POSTGRADUATE SCHOOL 
March 1984 


ar te 
rae 





ABSTRACT 


This thesis explores the problem of determining che 
relative worth of small-arms in a combined arms scenario by 
using aggregated models. The documentation of current oper- 
ational models 1s reviewed tc see how the effects of 
small-arms have been represented in generéel, and in large- 
scale aggregated-fcrce models Pie pas ewe Ler. Nadie 
investigaticn of the main uses of small-arms, an inference 
is drawn that the contribution of small-arms is only implied 
in current models. 
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I. INTRODUCTION 

This thesis was motivated by a seminar presented to the 
Operations Research Curriculum of the Naval Postgraduate 
School in August of 1983. The representative of the Joint 
Service Small Arms Pregram (JSSAP) of the Armament Research 
and Development Center expressed a nead for showing small- 
arms as a force multiplier in a combined arms scenario of 
modern ccmbat. The perception was that small arms were not 
represented in theater-level models used in defense studies. 

It is the hypothesis of this thesis that small-arms are 
eameen <cOl for controlling combat. A lack of understanding 
cn the correct use and the effects of small-arms is every 
kit as detrimental cn today's modern battlefield as it was 
in past wars, pérhaps even more so with the dévistating 
consequences awaiting one who makes mistakes when his adver- 
sary has the advanced weapons systems of today. 

With an increased use cf modern computers to simulate 
combat fcr defense studies, it is impérative that one under- 
stand all of the complexities of the ccmbat he is trying to 
simulate. Defense acquisition is relying more and more on 
computer aids for weapons procurement. One had better be 
aware cf any assumptions or drawbacks of a computer aided 
decision kefore making a decision on where tc put emphasis 
in what weapons are neeeéded. 

The initial intert of this thesis was to provide a 
concrete analysis on the value of small-arms as a_ force 
Bultiplier represented in aggregated-force mcdels. 


(Small-arms, as used in this thesis, is a general term used 


to denote weapons cf a pistol, raEde:, or machine gun 
Nature.) There are two interelated problems in determining 
the relative worth of small-arms in a combined-arms 





a 





scenario: 1) what is the contribution of small-arms to 
modern combat (and hcw does one go about quantifying it)? 
and 2) in light of (1), how does one go about representing 
the effects of small-arms in combat nodeals in general and 
large-scale aggregated-force models in particular? 

Weapons, weapon systems, tactics, and war itself have 
undergone continual evoluticn since the dawn of time. The 
analysis cn the use of weapons in combat took a dramatic 
Change in the early 1960's with the introduction of the 
scientific method to evaluate defense policy and planning. 

With weapon systems beccming increasingly complex and 
budgetary ccrsiderations taking a front Tow seat, Secretary 
cf Defense McNamara instituted the "Modern Design for 
Teferse Léecision." His remarks indicated a need to evaluate 
the overall goal and capability of the whole defense posture 
cf the United States and then break this down into the 
individual contributions of different units and weapon 
systems with a keen eye on effectiveness per dollar. 
(Ref. 1: p.3j2] 

This basis has prompted a large number of models to be 
the fcundation for guantitative studies. The Department of 
CLefense estimates an annual ccst of about a quarter ofa 
bivieen dollars on quantitative studies with thirty to forty 
Millicn alone for new models (Ref. 2]. 

Thessovi2ets alsc have a deep interest in the use of 
combat mcdels for military studies. They consider combined 
arms comkat to be thé operation of a system composed of 
subunits of the combined arms team. Through this medium the 
Soviets are attempting to model the complexities of combat 
in a realistic manner. {Ref. 3] 

Table I depicts a general outline of the use of quanti- 
tative studies in the Soviet Union. [Ref. 4] 

The Soviet Union has used operations research techniques 


to study virtually all aspects of combat. A leading topic in 








TABLE [f 
SOVIET USES OF OPERATIONS RESEARCH 


1. Off-Line Support cf Weapons-Systen Acquisition 
Process 


- Design of new weapons systems 


- Development of “optimal” tactics for new 
weapcns systems 


= eee oe of "optimal" countermeasures 
agairst new enemy weapons systems 


2. On-Line Support cf Combat Operations (Automated 
irccp Cent rel) 


Soviet studies is that of modelling what they term troop 
Gomtrol. Miezte tEccp Control closely parallels what is 
referred tc as command and control in the Units cates. We 
are also very interested in the modelling of the command and 
contrel frocesses. {Bef. 53 p.313] 

Modelling the ccmmand and control function of defense 
forces 1S a process that models combat at the largest of 
scales. Smaller sukmodels are needed to drive the larger 
command and control frocesses. Command and control can be 
described as the process which allocates resources. Command 
is the term used by military authority to allocate or reai- 
locate assigned resources. Ccutrolewon tne Other hand was 
the process by which that allocation takes place. (Ref. 6: 
p-5} Figure 1.1 is an illustration of a simple command and 
contrel frocess. (Ref. 7] 

A methodology for identifying deficiencies and alterna- 
tive soluticns in the command and control process involves 
the need for assessment of current and projected capability 
and reflects the projected growth in the appropriate threat 
(Ref. 6: p.it}. Chapter III explores the processes of 
combat that must be modelled to accurately assess the capa- 
bility of one force against another. These processeés are 
the foundation fcr ccmparing and deciding in the command and 


ccntrcl frocess. 


10 





SE ee Se ee a 


| 
| 
| 
| 











DESTRED SEALE 






i eee wei et “Oe, ee eee, OO ce, i eee Se co ee WO coe, ce) ees SE et ey ee me 


COMPARE 
DECIDE 


bee sli 


Figure 1.1 THE COMMAND AND CONTROL PROCESS. 


JSSAP's impressicns that combat models are not truly 
representative of the interaction of small-arms in comkat 
are Ey no meanS unique. In its report to Congress the 
Governmert Accounting Office states; 


It should be ND OER Sb that if attrition and the synez- 
gJistic effects o lower level combat were truly under- 
Seeca, there would not be such a disparity in the 
aodelting of theater-level attriton. Conversely, to the 
extent that these things ar? not well understood--the 
analytical basis fcr assessing. weapon system effective- 
ness appears to warrant continuing attention [{Ref. 1: 


p- 148}. 


Dee Y. EB. Kapper, the fcrmer Scientific and Technical 
Adviscr for the Organization, Jeint mecnters  oOt) Staff, 


remarks: 
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The phencmonology of combat, as far as I'm concerned, is 
not as well understcod as it needs to be. In all honesty 
I den*t think we fully understand the interaction o 

comEined arms. Take a typical ground force situation 


i 


with cne guy lcoking at it. (Now someone introduces ald 
Kemds Cf ait/groumd interdiction and then it gets seme- 
moat CcOMpPplsx. Then someone puts in some tactical 


nuclear of chemical muniticns and that really creates 
Cempiexsties that I really don't think we underStand. I 
think we should try to look at the basic phenomena and 
try to get a better handle on the essentials. Ledonm! = 
think we do enough in this regard [Ref. 8}. 


After some initial research, it became apparent the 
solution of the problems pointed out in the above quotes and 
the preblem mentioned earlier of quantifying ‘the contribu- 
tion of smali-arms to modern combat was well beyond the 
scope of this thesis. With very little in the way of 
published research cn the dynamics of combat and its 
modelling available, a concrete solution onthe value of 
small-arms recame even harder. By exploring the basics of 
attriticn in combat models and reviewing the main uses of 
Small-arms in combat, it is the intention of the thesis to 
present a framework for inferring how the contribution of 
small-arms to modern combat 1s implicitly represented for 
current srodesls. 

Chapter II will investigate tne current need for smali- 
arms cn the modern battlefield. With the missions of 
small-arms as a foundation, methods of combat modelling will 
ke reviewed to see why the effects of small-arms are not 
fully represented. Chapter III will present an overview of 
model types. This background is important for understanding 
how and why models are developed and what their purpose is. 
Chapter IV explores the basics of attrition modelling. While 
Small-arms play only a small role in direct attrition, they 
are respcnsible for cther larger weapons systems being able 
to achieve kills. Chapter V investigates the attrition 
methodcgy of IDAGAM, a near current aggregated-force model. 
Again, small-arms are a small part in direct attrition but 


tz 





attrition is the foundation for modelling the contart 
dynamics of movement where the effects of small-arms is ncst 
apparent. The last two chapters bring together these 
concepts tc show the importance of small-arms and how this 
importance is implicit rather than explicit in aggregated 


models. 
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A background on the missions of small-arms is important 
for understanding that their major effects are not in the 
demuat @ettriction or killing of the enemy but in how they are 
used to centrol the kattle. Small-arms are at the very heart 
cf ccmbat yet their vital effects are sometimes overshadowed 
by the larger weapons sytems. This chapter, based on ¢xperi- 
ences at the Naticnal Training Center. et FL. Irwin 
Califcrnia, will show how small-arms are vital to making the 
larger weapcens systems as valuable as they are. 

It is acommon and also intuitively obvions assertion 
that the tank is the most ‘valuable' weapon system in the 
ground battle. What is not quite as commonly known or 
remembered is that the tank is a part of a combined arms 
team, supporting the infantry, whose mission is to "Locate, 
Close With, and Destroy the Enemy by Fire and Maneuver." 
Tanks by themselves are of minimum value in a battle. 
Tanks, in conjuncticn with a balanced combinad arms team of 
infantry, artillery, aircraft, and possibly naval gunfire, 


have a very high value. 


There is still a tendenc in each separate unit...to be 
a cne-handed puncher. y that I mean that the rifleman 
wants to shoot, the tanker to charge the artillerynan. 
tc fire...that is not the way to wan battles. 


-MG Gecrge S. Pattcn 


The ccncept of a combined arms team is that the value of 
the team is greater than the sum of the individual compo- 
nents. The value cf small arms must be thought cf ina 
slightly different manner than tanks or artillery as small 
arms are inherent tc every fighting unit, not just the 
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Herta ntiy. The use cf small arms as a tool for maintaining 
contact with the enemy in a close compat situation has not 
changed since the invention of black powder. Despite 
increased range and lethality of modern weapons, the final 
stages cf combat are still those of "“sye io eye." The 
attacker's mission is still to eventually stand on the 
ground that the defender is currently on and doesn't intend 
on moving fron. Otker uses for small arms are created and 
evolve with the invention and evolution of other weapons 
systems and tactics. 

Table II gives the main uses of small arms on the modern 
Pace lerield. This table was developed after interviewing 
mechanized infantry company commanders and evaluators fron 
the National Training Center (NTC), reviewing the Army's 
Command and Staff Ccllege's observations on the NTC exer- 
cises, and the author's personal experiences as a Marine and 
Miieebuctcr at the U.S. Army Field Artillery School at Ft 
S371, Oklahoma. Table II is not intended as an all inclu- 
sive list cf uses of small arms. The intent is to give the 
reader a feel for the interaction of small arms and an intu- 


itive grasp of their value in a combined arms battle. 


TABLE If 
MAIN USES OF SMALL ARMS 


1. MAINTAINING CONTACT/CLOSE COMBAT 
2. DENY ACCESS IC TERRAIN 
3. EREAK UP/ISOLATE OPPOSING FORCES AND VEHICLES 


4. FEREVENT iaaialalaaaianed INFANTRY FROM CLEARING 
CESTACLE 


Serpe cEGURLTY GF FCRCES ANDSWEAPON SYSTEMS 
6. KECCNNAISANCE/COUNTER RECONNAISANCE 
7. PERSONNEL SAFETY 
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Nete that for points in Table II, the uses of smell-arns 
all seem to be related to the movement of the cverall forces 
Gmemenct the attriticn of individual soldiers on weapons. 
The remainder of the chapter will discuss the dynamics of 


how small-arms accomplishes the tasks enumerated in Takle II 


A. STRATEGY OF COMBAT 


From the American perspectiva, SOVie: ~dectziges for 
warfare in Furope is that of a rapid advance. Their offen- 
sie sacticons intend ome bypassing stzongpoints or @ quick 
breakthrough if that is impossible. Their plans utilize an 
echelcr ccncept for follow-on units to clean up stronghclds. 
Through proper emplcyment of front line units and well- 
placed crEstacles prctected by smali arms fire, the NATO 
defense is to channelize their advance, break up their 
echelcns, and isolate units from the main force. [{Ref. 9] 

The National Training Center (NTC} at Ft Irwin, 
Califcrnia conducts live-fire combined-arms €xercises 
throughout the year. NTC utilizes videotape and constant 
Posetion lccating equipment along with the Multiple 
Integrated Laser Evaluation System (MILES) for determining 
kilis. The Center is not capable of assesSing kills due to 
small arms but they do play a role in the exercises. 
Cbstacles are a key to slowing down and channelizing an 
attacking fcrce. Wken obstacles are encountered, infantry 
are reguired to dismcunt and clear then. Machine gun and 
Grobe £itre prevent the clearing, or at least slow it down. 
Consider a situation in which atank or peérsonnel carrier 
encounters an obstacle. ee the defender is fpropezly 
emplcyed, the vehicle will be taking fire. The obstacle must 
be moved or the vehicle will be destroyed. Infantry dismount 
and attempt to clear the obstacle under the direction of the 


vehicle ccmmander whe is competing with rifle fire directed 
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gene infantry for the attention of the man. Tf a lazge 
machine gun is penetrating the carriar, the command and 
Seme GOL cf the unit is disrupted. What has more impact; a 
sergeant or .50 caliber jacketed slugs tearing holes through 
a few inches of alluninum surrounding one? The extra time 
ijn the cbstacles, brought about through small arms fize, 
increases the probability of kill for larger weapons due to 
more acquisition time and time for more rounds to be fired. 

On the other side of the coin, small arms bring abcut 
protecticn from antitank guided nissiles. If an antitank 
weapcn has a certain probabilty of kill in a non-cpposed 
Situation, that probability is certainly degraded bv 
Suppression from small arms fire, even if a kill of the 
weapon is not achieved. 1! Infantry and small-arms drive cut 
individuals with antitank (AT) w2apons. Regardless of 
whether cr not the weapon is destroyed, the unit meving 
against the AT weapcns is able to move faster and further 
than if the AT weapons were at their full effectiveness. 

A heavy combat unit, such aS a tank company in the 
defense, can be destroyed by a numerically smaller force of 
antitank weapons if the tank company does not fErorerly 
emplcy its organic small arms in a viable security plan. 
There is sometimes a tendency in armor and artillery units 
to gc lax cn security measures andthe result is thata 
small, lightly armed opposing force is able to destrcy or 
highly degrade them. @- 


These conclusicns and observations were drawn fron 
Gomversations with LIC. J.C. Crowley of the Trends section 
of the Ccembined Arms Center at Ft. Leavenworth, Kansas. See 
aP endix A for a ccmplete view of how small arms and 

antry are integrated into the combined arms team at the 
mee Coma Training Center. 


2These cbservaticns are taken from ee eee = with 
Gane aia R. Hirlinger, an AEMNer sk Force 
Observer-Ccntroller at the National training. Center, Ft 
Irwin, California. See appendix A for further discussion. 
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Artillery units not only need good security while actu- 
ally delivering fires, but during movement to othsr posi- 
con S . The invention of counter battery radar forced a 
doctrinal change on the artillery of requiring several moves 
a day. During these moves the artillery pieces are of 

sttle value but they are highly vulnerable to attack fron 

wigme ancantry units. Their only means of surviving to use 
their high combat value is through effective use of organic 
snall-atrus. 

An artillery weapons system is composed of three parts; 
the hewitzers themselves, a fire direction center, and scme 


means of observing and directing the fires, normally a 


foward cbhserver. The foward observer is employed with the 
front lire units to lccate and adjust fires on targets. He 
telies cn small arms for his survival. Even if he never 


engages an enemy with his personal weapon, his told and 
agressive surveilance of the battlefield would ope hampered 
if he did net have the means to protect himself. Likewise, 
an enemy would be more aggressive in his actions to take out 
the cbserver if he was aware that the observer was inade- 
guately protected. Fsychology plays a big rele here. Who 
would be more apt tc confidently adjust artillery fires or 
call in air strikes in a hostile jungle environment-a 
soldier whe has a heavy M-14 rifle with limited ammo because 
cf its weight or his adversary with an AK-47 capabie of 
tapid rates of accurate fire? The argument for the long- 
tange kill capability of the M-14 is valid, the point here 
is that the weapon must be the best for the job. Long-range 
kills in a jungle are few and far between but the knowledge 
that ycur weapon is better suited for the task at hand than 
the enemy's is of great importance not only in contact but 
iieat tl cede . 

Reconnaisance is a big key in the command and control of 
combat units. Where are the enemy strongholds? How many 
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enemy are there? What types of weapons does the enemy have? 
These questions are answered in part by actual manned 
Faetrcls. Ae is the case with the foward observer, «hese 
patccls rely on small-arms for their protection and aggres- 
sive actions. The ofposition also employs patrols. The key 
to insuring a good defensive plan is praventing the enemy 
from defeating it through the use of his rececnnaisance. 
Small-arms play the largest role in this counter reconnai- 
sance scenario. How close would an enemy infantryman look 
for obstacles if he was aware that his helmet was kalanced 
on the fren* post of an opposing rifle? How effective would 
he be if the rifle delivered accurate fire on the target? 


BE. VALUE OF SMALL-ABMS TO LARGE UNITS 


Based on the above examples, figure 2.1 is an intuitive 
approach to the value of the organic small arms in say, an 
artillery battery or tank company. Naturally, a unit with 
no small arms may easily become the target of light infantry 
infiltrators. With ne means to protect itself the bat*ery or 
company could readily be destroyed or degraded. A Saige 
with, say twice the tabie of organization and equipment 
(TOE) in small arms normally assigned to it would not gain 
much cverall value as too many personnel woulda be required 
to man the smaller weapons and manning of the largér weapons 
Weut-d suffer. More effective small-arms would enable more 
weapcns to increase the value of a unit without the expense 


cf added personnel. 


Cw. ESSENCE OF COMBAT 


Many good studies have been made on command and centrol 
countermeasures and ccuntéer countermeasures (C3CM), cut they 
tend to fccus on the technical aspects of jamming and 
impreved and special munitions delivered by aircraft and 
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Figure 2.1 SMHAIL ARMS IN OVERALL VALUE OF UNIT. 


artillery. One of tke primary mission of the Soviet Union's 
special forces or "diversionary" troops is that of neutral- 
izing ccmmand and cortrol centers. These "Spetsnaz" units 
are elite, special trained scldiers who infiltrate deep into 
the enemy rear areas to disrupt and destroy. The defense 
against such actions is for the operators of the command and 
contrcl centers to be well trained in the use of small arms 
and fer their ccmmanders tc insure that all personnel are 
support of an overall combat action. [Ref. 10] 

The effects of small-arms are not merely to kiil infan- 
trymen in an infantry on infantry battle. The majcr value 
et small-arms is their integraton into a tactically sound 
plan of a combined-arms team. It doesn't matter who obtains 
the kill, the important point is that weapons systems werk 
together to meet an overall objective of victory with 
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limited friendly casualties. Small-arms are as vital to this 


mocamm aco tanks, aircraft; or artillery. 


Pee | 





Knowing why models are developed goes a long way in the 
understanding of what one can expect them to do. This short 
Chapter gives an introduction in this regard and will 
prepare the reader for the actual concepts of attrition 
modelling presented in the following chapters. 

Mcdels are abstractions of reality. They are develcped 
and used because their idealizations are easier than full- 
scale e¢xercises to use in analysis due to far less 
complexity. The U.S. Army Models Review Committee defines a@ 
model as "an abstract representation of reality which is 
used for the purpose of prediction and to dévlop an under- 
standing abcut the real world processes" {Ref. 2: p.5]. 

Medels are generally classified according to how they 
represent reality. Figure 3.1 shows the varying dégrees 
With which combat representations portray reality. [Ref. 2: 
pe-6j Field exercises, field experiments, and map exercises 
are more realistic but they are expensive, hard to control 
and take a great deal of preparation to set up. The more 
abstract models on the right can be run to give design to or 
a basis for a more operationally realistic model towards the 
est. 

Wargames and open Simulaticns use fpeople in the loop to 
Simulate ccmbat decision processes, whereas closed sinula- 
tions and analytical models use algorithms to represent 
decisicn processes. Simulations often use pseudo-randon 
humber generators tc determine outcomes and are generally 
called Mcnte Carlo simulations. Analytic models are mathe- 
matical models and are ususally deterministic as opposed to 


the stochastic approach of using random numbers. {Ref. 2: 
B-6 J 
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There is some discussion cver the validity of determin- 
istic versus stochastic nodels, but the conceptual meéethcd- 
Clogy used in this thesis can be tailored to either type of 
approach. Although the models discussed in this thesis will 
Boor the deterministic analytical type, their outcones car 
ke used aS submedels of the more realistic simulations and 
wargames. 

A simulation or wargame has to model many different 
aspects cf combat in order to be a valuable tcol fer ar 
analyst or military commander. Table II lists the major 
combat processes that must be considered {Ref. 11: p.66]}. 


TABLE IIil 
COMBAT PROCESSES 


lee Attrition 
2e Movement 


3. C3 I (Command, Control, 
Communications and Inteliigencs) 


4. Support 


Mevement of the Foward Edge of the Battle Area (FEBA), 
cr aS it is now called, the Foward Line of Troops (FLOT), is 
eecunct@acn of many things including terrain trafficability 
end a ferce ratio of attacker to defender. The changing 
force ratic during cembat is a direct function of the attri- 
tion process of both forces involved as well as movement 
against each other. This attriton to movement concept is an 
important point. As chapter II has pointed out, the value of 
¢mall-arms is more in the movement phase but it will be 
Shown that attrition is the underlying concept for current 
models. 
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As mentioned in Chapter I, the process of command and 
contrcel invelves comparing and deciding. This compare and 
decide phase compares strengths and weaknesses of beth sides 
with an appropriate decision on how best to controi <he 
Fattle tc an outcome favorable to the friendly side. 

Mmerowctttical that the attrition ptocess portrays a 
combat situation as realistically as possible. Ate Oi: 
not only drives movement, but it is also the foundation of 
assessment cf changing force capability that the commander 
relies on in his sense and compare states. The Mixcre 
Corperation's Study on Command and. Con= sO metal ue. or 
concludes with six remarks, two of which are appropriate 
here: 


There is a need te devlop simple analytic models to 
descrike the current and projected, capability of el jus Jal = 
tary fcerce to acccmplish its assignéd misSicas. The 
model should reflect the general nature and magnitude of 
an €xistirg deficiency. 

Models cculd be useful in. structuring/fccussing the 
rescurce allocation debate in the Services and até high 
overnment levels. These models could identify informa- 
20n needs and determins contributions of propose 

programs to mission accomplishment. [Ref. 6: p.66] 


In a sinulation, as in the real world, the commander 
needs feedback on his decisions. The assessment routines 
that rely cn attrition are of paramount importance to a 
reallistic model. Attrition is only part of the overall 
combat process. But the need for the analyst of the wargame 
or Simulation to understand the capabilities and drawbacks 
cf the attrition processes used in his model cannot be 
overstressed. 

The next chapter deals with different Aten te 10D 
aproaches used, starting with a simple Larchester equation 
Gt cGmbat. Conceptually it would be ideal to represent 
combat at the item to item level. This would involves 
portraying the results of one on one ccmbat for eéach and 
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every Ecssible combination of friendly to enemy weapons 
engagements for all weapons available to either side. This 
would p¢ecome very complex and somewhere alorg the way 
aggregaticn of ferces becomes necessary. Aggregation yields 
an “overall combat eérfectiveness" of the force that is 


needed, if not for the model itself, for the commander's 
sensing and comparing of his capabilities against that of 
heer CEponent. The second half of Chapter IV deals with 


aggregaticn concepts. 
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Attriticn modelling, or casualty assessment of scme sort 
is cne of the foundation processes of all combat models. By 
examination of these processes, one will be able tc undex- 
stand how the effects of small-arms discussed earlier are 
implied rather than openly used in the attrition processes. 
There are EaSically three approaches to casuaity assessment: 
a Mente Carlo simulation, the firepower score, Or. Ta 
Lanchéester-type model. MOuce Cael Si Muda tions edmc eg ch ie 
ally used fcr battalicn-sized units and smaller engagements 
and hence will net be discussed further in this thesis. MTke 
firepew2r score approach is used in modelling tneater-level 
combat and will be addressed in the second half of this 
chapter and in chapter V. Lanchester-type2 models have been 
develcped in the United States for the full spectrum of 
combat from small units to theater level. [{Ref. 2: p.12] 


A. DETAILED LANCHESTER-TYPE MODELS 


Frederick W. Lanchester's purpose in 1914 was to provide 
insight into the dynamics of combat under "modern conditons" 
mugeetG jtSstity the principle of concentrétion. His kasic 
equations have been the foundation for virtually all differ- 
ential equation approaches to combat modelling. Figure 4.1 
depicts the basic Lanchester paradigm. [{Ref. 12] 


1. The 


The combat in figure 4.1 is between two homogeneous 
forces: a homogenecus X ferce (for example, tanks) opposed 
by a hemegeneous Y ferce (for example, anti-tank weapens). 
Lanchester's equation for modern warrare assumes that the 





| 
Re 


SSS ets ee ee 


x(t) b y(t) 


— 
! 
| 


| 
| 
| 
| 
L 


Figure 4.1 LANCHESTER COMBAT. 


casualty rate of such a homogeneous force is directly 
Fropcrticnal to the number of enemy firers. For example, the 
X force casualty rate is given by equation 4.1 where ‘at 
denotes the rate at which a single typical ¥ firer kills Xx 
targets andis called a Lanchester attriton-rate coeffi- 
cient. X(t) and y(t) denote the numbers of X and Y ccemba- 
tants, respectively, at time t with x(0) = x and y(0) =y. 
[Ref. 13:3 p.8] 


dxsdt = -ay. (eqn 4.1) 


Eguation 4.1 was Lanchester's formulation of "modern 
warfare" andis referred to as the "aimed fire" law. The 
law of “ancient warfare" or "area fire depicts the tine 
tate cf change of the X force as being proportional not only 
to the numter of eneny firers, but also to the number of 
friendlies they have to fire upon. This is shown in 


equation 4.zZ. 
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dxysdt = -axy (eqn 4.2) 


In both of the above two equations, it is assumed 
that Froth the X and Y force are greater than zero. That is 
to say that the casualty rate is equal to zero if the force 
Size is equal to zerc. 

The casualty rate for the ¥Y force in aimed fire to 
complement equation 4.1 is that dy/dt = -bx, where b denotes 
sne tate at which a single typical X firer kills Y targets. 
These ccnstant coefficient Lanchester-type equations for 
modeIn warfare lead to Lanchester's famous "Sguare law" in 
egquaticn 4.3. Equation 4.3 yields many important results. 
@or example, X will win a fight to the finish if and only if 
Xo /Yy > ayb. The Jab is known as the "Enc ensicy' "Of compe c. 
Figure 4.2 graphs tke xX and Y force levels under modern 
combat. [Ref. 14: p.12] 


b (Xp -x) = a(y-y) (eqn 4.3) 


Ianchester's work in 1914 was insightful and helped 
Frove the value of concentration of fire but there were 
shortccmings in his criginal medel that needed looking at if 
we were to use his fcrmulations today. Table IV lists these 
Shortcomings. [{Ref. 12: p.9] 

Virtually all of the shortcomings listed in table IV 
have keen addressed in some way or another by extensions to 
the Lanchester theory; some more adequately than others. 
For example, to model supressive effects it would seem easy 
enough te degrade? or lower the attrition rate coefficient to 
reflect degraded fire effectiveness of the firing units. 
Unfortunately there is no supportable data on troop tehavior 


when under fire to use in such a Situation. 
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X and Y forces fcr combat modelled by constant- 
cceefficient Lanchester-type equations for 

fer modern warfare. As iong as both X and Y>0, 
the ferce level x(t) is givén by equation 4.4 
For ttese calculations, a=0.04 x casualties/ 
minute per y firer and bD=0.04 y casualties/ 
Mrauts fer x firer. 
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Figure 4.2 FORCE-LEVEL TRAJECTORIES. 


x(t) = Xp cosh Jab Sa Yo Javb sinhJjab 2 (egn 4.4) 


Although the Ueo- ae Combat Developments 
Experimentation Ccmmand ore ) has conducted man 

Supression experiments and the U.S. Army has reviewe 

the entire topic of fire suppression, the representation 
of suppressive effects in casualty-assessment models 
remains a major prctlem area [Ref. 2: p.73]. 
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TABLE IV 
SHORTCCHIHGS OF ORIGINAL MODELS 

1. COEFICIENTS CONSTANT OVER TIME (@€.g. VARIATION OF WEAPON 

SYSTEM CAPABILITY WITH FORCE SEPARATION IGNORED) 
2. NOC MCVEMENT CF FCRCES (e.g. ADVANCE OR RETREAT) 
3. BCFKOGENEOUS FORCES 
4. FATTLE TERMINATICN CONDITIONS NOT GIVEN 
5. DETERMINISTIC, NCI PROBABILISTIC 
6. NC REPLACEMENTS OR WITHDRAWLS 
7. ‘TARGET AQUISITION FORCE LEVEL INDEPENDENT 
8. FIRE ALLOCATION NCT EXPLICITY CONSIDERED 
oe ote ee TR LC 


10. NO CCNSIDERATION CF NONCOMBAT LOSSES (E.G. DESERTIONS, 
SURRENDERS) 


Mireere LCGTISTIC CONSILERATIONS 

12. NC WAY OF PREDICTING LANCHESTER ATTRITION-RATE COEFFICIENTS 
Moe SUPRESSIVE EFFECIS OF WEAFCNS NOT CONSIDERED 

ieeeeeercrlS OF TERRAIN NOT CONSIDERED 

15. SPACIAL VARIAITONS IN FORCES NOT CONSIDERED 


Suppressive effects is by no means the only ccentro- 
versial issue with attrition modelling. The very nature of 
ene attrition cosefficents is one topic worth discussion. 

ttrition rate coefficents all have a basis in historical 
extracticn from past combat. Reconstruction cf a combat 
SéitUadtion is a difficult thing to do, and often important 
items are cverlooked, but it is essentially the only means 
upon which to start the computations of attrition rate coef- 
mprce nts. Ammo expenditure for a past battle is compared to 
the number cf kills achieved for that weapon then the scen- 
armo 2s Jooked at in terms of terrain, visibility, opposing 
weapons, and other factors to derive an attrition rate coef- 
Preient. These rates are then massaged for how the weapons 


cf the fast battle are perceived to be different from the 
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present systems. TtesiS apparent that Bamkhe concep =. cot 
selecting attrition rates is one requiring considerable, 
never ending effort. The rest of this half of the chapter 
cn Lanchester equaticns will deal with generalized examples 
cf extenticrs derived to counter the shortcomings listed in 
table IV. 

Table V lists different functional forms for atztzi- 
tion rates that have been considered in the Lanchester 
Combat theczy literature. (Ref. 2: p.31] 


TABLE V 
FUNCTIONAL FORMS FCR LANCHESTER ATTRITION 
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Abreviations used to denote the form of Lanchester 
attrition under discussion are of the form FIFT where 'jf* is 
the dividing line Tretween attacker and defender. The 
different ccmbinations normally encountered are depicted in 
Table V. The square law and linear law have already been 
discussed briefly. The mixed law is a combination of these 
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two which can be conceptualized as an ambush-type engace- 
ment, in which one side employs aimed fire and the ambushees 
use area fire, as they do not know the exact location of the 
ambushers. The logarithmic law is normally only used during 
the early stages of small-unit engagements, in which the 
vulnerability of a force dominates its ability to acquire 
enemy targets. (Sol) (eet) “combat 1S,9) Slupiyeseaccderu: 
very complex in practice, sguare law attriticn between 
combatants with operation losses or losses du2 to supperting 


arms that are themselves not subject to attriton. 


Ze Kelmbold's Extention 
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Helmbold hypothesized that a much larger forc? would 
fight less efficiently than a smalier opponent and intro- 
Oueed awWodification that alters the attrition rate cceffi- 
GHentes based on force ratio. Equation 4.5 and 4.6 show 
Helmbcld modifications with a(t) and b(t) being the tine 
dependent attriton-rate coefficents, and Ey and Ey denoting 
the fire effectiveness-modifications that model the ineffi- 


Giencies of scale. 


axydat = ~a(E) *Ey (x/y) *y with x(0)=X, (eqn 4.5) 
ayjat = ~E(t) *E (y/x) *x with y (0) =Yg (eqn 4.6) 
Helmbold stated thet his fire-efrectiveness- 


wodification factors should satisfy the following three 
requirements: (Ref. 23 p.37] 
(R1) E(u) = Ey () (i.é€. same inefficiencies 


cf scale for each side, 
(R2) E(u) is an increasing function of its argument, 


(R32) reGt) = 1 
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Helmbold considered the special case where his ncdi- 
ficaticn factors for scale were a power function, Lecce. 
Pb )y=u with cod. In the case of constant attrition-rate 
coefficients, Helmbcld equations then become equatiors 4.7 
and 4.8. Wis refered to as the "Weiss" varameter and 
W=1-C. When W=1, Helmbold reduces to the square law, when 
W=1/2, the linear law and when W=0, the result is the loga- 
ments law. ([Ref. 2: p.39] 


Ww 
dx/d* -a*(x//y) y with x(0) =Xo (eqn 4.7) 


dyydt aie x with y(0) =Yp (eqn 4.8) 

It is valuable to look at the various attrition 
equations in terms of small-arms. Small-arms will seldom be 
used in the equations directly, their value comes in terms 
of how are the various parameters of the eguations affected 
by small-arms. AT weapons attempt to kill tanks. How is the 
expected tine to kill a tank affected when small arms are 
shooting at the AT weapon aS opposed to when it is not. 
meencugn it is difficult to say numerically the difference, 
it is chvious the difference is there. 


Two approaches have been used in the United States 
Tom ehe determination of attrition tate coefficients. They 
are; 
1) a statistical estimate based on "combat" 
data generated ty a detailed Monte Carlo 


comkEat Simulaticn. 


2) an analytical submodel of th attrition 
Process for the particular combination of firer 


and target types. 
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Mae first approach is known as a ‘fitted parameter 
analytical model' since the attrition rate coefficients are 
Statistically estimated from a Monte Carlo combat sinula- 
on. The second approach is known as a freestanding or 
‘andependent analytical model.’ Basically this second 
apprcach says the attritcn rate coefficent is equal to the 
Beermprecal cof the expected tiwe for an individual firer to 
kill a single target, as shown in equation 4.9. fRef. 2:3 
pe47] 3 


a= 178 [44] | (eqn 4.9) 


Table VI lists the parameters necessary for undeéer- 
standing the expected time to kill approach for determining 
Lanchester attrition-rate coefficents. { Ref. 2: p.51] With 
the definitions of table VI, the expected time for an indi- 
vidual firezr to kill an enemy target is shown in equation 
4.10. 

Although equation 4.10 is a formidable looking 
expression, it doe¢es reduce nicely to intuitive appealing 
results with certain assumpticnos: 1) If the target acquisi- 
tion time is negligikle (t =0), 2) the weapon has a uniforn 
Eate Cf fire (t; =t, =t, = tW/v), 3) statistical independence 
among cutccmes (p=p(hj{h) =p (h{m) = Pssk), and 4) negligitle 
time of flight (t =0) , E€guation 4.10 reduces to equation 
4.11 where the single shot kill probability Pssk is given by 
Fssk=Pssh*p (ki{h). 

This leads to the intuitively appealling result that 
the Lanchester attrition-rate coefficient is equal to the 
firng rate, v, of the weapon times the probability ofa 
single shot kill by the weapon. [Ref. 2: p.52] 


3See reference 13: p.139 for justification for using the 
Bee cas c£ the expected time to kilia target as’ the 
Pemenester ettriton-~rate~- coefficient. 
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TABLE VI 
FARAMETERS IN EXPECTED TIME TO KILL EQUATION 

Factors inciuded in expressicn for Lanchester attriton- 
Tate coefficient for single-shot Markov-dependent-fire 
tumber cy hits required for a fille 

TINE TO ACQUIRE A TARGET, ty, 

TIME TO FIRE FIRST ROUND AFTER TARGET ACQUIKED, 2, 

TIME TO FIRE A ROUND FOLLOWING A HIT, ty 

TIME TO FIRE A ROUND FOLLOWING A MISS, tm 

Pree er FLIGHT OF THE PROJECTILE, t¢ 

PROBAEILITY OF HIT ON FIRST ROUND, p 

PRCEAEILITY OF A HIT ON A ROUND FOLLOWING A HIT, p(hth) 

PROBAEFILITY OF A HIT ON A RCUND FOLLOWING A MISS, 


(b[ a) 
Faces OF DESTROYING A TARGET GIVEN IT IS A HIT, 


aru SO 


(ty + te) 
EIT) = ti +t, -t, + PETA) 
(egn 4.10) 
r (t+ ty) eee CHM ee ee g 
P (h]m) P(KIH) eal 
B |Ta = 1/ (Vy PSSkyy ) (eqn 4.11) 
a = v PSSK (eqn 4.12) 
The assumpticn of negligible target acquisition is a 
gtoss one for simplification. In reality, target acquisi- 


tion time is a very important factor to be considered in 
cperaticnal models. Two basic approaches are used for 
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target acquisiticn: 1) thparallei: acqursi tions ieee en 4 
fer COmtinually searches for targets, even when engaging a 
target and 2) serial acquisition, in ‘wWhichmon]=  Canzno= 
acquire targets while engaging another target. *% 

Again, the data for these equations has a historical 
base Coleds: aiterations from testing as possible. 
Feobaciltities of aitting and killing a target are controver- 
Sial issves under different conditons but it is obvious that 
most all of the factcrs in the equations are affected indi- 
rectly by small-arms fire. The time to acquire the target 
is the jcb of the fcward observer discussed in chapter II. 
It the observer and the personnel in the artillery position 
lcself have gcod security with small-arms one can bet that 
ime erODabDliity of a hit is higher due to factcrs such as a 
better target locaticn, more accurate firing data determined 
by the fire directicn center and a more precise lay of «he 
Howatzer itself by a crew free from the distracticn of é 
harrassing sniper. 





The above mentioned concepts and ¢quations are 
formulated for a homogeneous force. The concepts can be 
extended to apply toa combined arms scenario more in line 
With the opferationally pertinent forces of today. For 
example, an X force composed cf infantry, tanks, artillery, 
aircraft, and all the different weapons systems associated 
with them, would be more realistic on the modern battie- 
field. Figure 44.3 depicts a schematic of a hetercgernecus 
ferce attrition model. [{Ref. 13: p.16] 

In examining figure 4.3, the X force has "m" weapon 
types and the Y¥Y force has "n" weapon types. The subscript i 
Gemers =o the X force while the subscript j refers to the Y 


4See reference 12: pp.20-73 for a fairiy complete look 
et the target acquisition process. 
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force. ieee wMOubte Subscripted attriton rates, the 2st 
subscript denotes the target type and the séecond subscript 
denotes tke firer. Aj; denotes the rate at which a typical Y 
firer kills X targets in the oposssing enemy force. With 
these definitions, equation 4.13 defines the attriton rate 
for the individual ith weapon system of the xX  ferce. 
{[Ref. 13: p.14} 


n - 
dxdt = - 3a ¥, (eqr 4. 13) 


In a logical extention of homogeneous attriton 
Tates, the heterogencous attrition rates A. are given by 
equation 3.14 where Thy; = the time fora vf firer type to 


mimes an etarget type. 


wee = 7 = lx] (eqn 4.14) 


There are two fundamental assumptions behind the 
heterogenecus force attrition equations 4.13 and 4.14: 
(1) The attrition-rate effects of various different 
enemy weapon-system typfes against a particular 
friendly tarcet type are additive, 


(2) The loss rate of a particular friendly target 

type to each enemy wearpon-system type is 

Froportional to the number of enemy firers of 

that particular enemy-firer type. 
Although assumption (1) is fairly restrictive (it means that 
there is no mutual support among different weapen-sytem 
types, i.é€. no synergistic effects), the author does not 
know of any U.S. heteéerogeneous-fcrce model that does not use 
foe [ Ref. 132 p.18] 

The formulaticns described above lay the foundations 
for detailed Lanchester-tyfpe Acie LOD models. The 
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equations for heteroceneous forces make for VELy (COmEl cated 
@itferential equations that, for the most part, are impcs- 
sible to solve explicitly. The state equations and defini- 
mpom= Of £OLCe posturesfor victory that were present in 
homogenecus forces are no longer possible. Pee Soll sion ' 
cf the complex attrition equations entails the use of a 
discrete time step integration. The time step is used to 
multipfly the attrition rates and weapon numbers. The 
Mesut, the actual attrition fer that period, is subtracted 
from the value of the X and Y forces from the previous step. 


The process is continued, with the aid of a high speed 
Giegital computer, Unocal ones force is defeated of Until = 
breakfeirt is reached. A breakpoint is a prior determined 


point at which cne cf the forces breaks off the engagement 
due tc reaching a certain minimum in his force strength. 
Actual cperational umcdels are much more complex than 
described here but tke conceptual approach used is valid and 
Should give the reader an appreciation of the parameters and 
methodology used in detailed Lanchester-type combat 
Geeeaticnh. 


aie evelopment cf Operaticnal Models 


Combat is a very complex process that contains many 
interactions that are difficult to describe or even under- 
stand. The paradigms discussed so faz are foundations for 
the underlying attrition processes of combat but, [Ly then- 
selves, cannot kte used to model combat. To develcp opera- 
tional mcdels, a more compiete look at the total of the 
comkat processes must be considered. 

Considerations must be given to operational factors 
such as supplies on kand and ammo expenditure trates. The 
cverall quality of troops in regards to experience, training 
and possible fatigue cr motivational aspects are important. 
Rates cf movement in relaticn to terrain types, weather and 
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attrition are important considerations in an operatioral 
model. 

It “1s obvious that the relations discussed above 
drive an operational model inte a very complex process that 
Bust ccrsider relaticnships between the different factors in 
detail. A method used to alleviate some of the complexity 
cf operational models is to make certain assumptions abcut 
the detail of lower-level ccmbat so more emphasis can be 
Flaced cn the relationships of operaticnal factors in the 
combat processes. This method involves ‘aggregating’ the 
weapcns cf a force into a larger entity that has the implied 
strength cf ail weapcns composing it. 

Unfortunately for small-arms, the processes used to 
determine outcomes are based first on attrition and then on 
goverent. The point is that small-arms affect movement mere 
so than attrition. Since small-arms do not play a large roll 
in attriticn, they are not represented inthe tovement 
phase. Examination of chapter II and appendix A reveals 
that small-arms play a vital role in movement directly 
though. An attacking force can move through a defended posi- 
tion much faster if a successful reconaissance was conducted 
and if the AT weapons are suprfressed. Smali-arms are the 
key here. 


E. AGGREGATED MODELS 


The detailed Lanchester-type equations discussed earlier 
model ccmbat in a microsccpic manner. The attrition 
reflects the internal dynamics of combat on a weapon to 
weapon Lasis. AWOtber appreden coremodelling attretzon, 
commcniy called the Firepower Score, is to represent it ina 
mMacrosccpic fashion. Rather than model attriticn in a 
weapcn by weapon basis, the value of the weapons systems of 


a force ere added up to give an overall “combat capability" 
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index of a force. This comktat capability is compared to the 
capability cf an opposing force and the act of comrat causes 
ttrition to the capatility index rather than the individual 
wearpcns directly. losses to individual weapons are deter- 
Mined through some means of disaggregation based on the 
cverall joss to the capability index. 

Whetker the comrat modél is a detailed Lanchester-typs 
model cr of the Firepower Score approach, "a key observatior 
is that at some point in modelling, detailed description of 
the interactions between physical things ceases and ¢estima- 
tion cf relationshirs based on derived capability measures 
regens." PRef. 15:3 p.ii} 


TABLE VII 
DETERMINATION OF A FIREPOWER INDEX FOR A COMBAT UNIT 


WEAPCN NUMBER 


RIFLE 
MG, 
MG, 
A 











TOTAL FIREPOWER INDEX 32,640 
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Table VII is an example of the Firepower Score apprcach. 
Firepewer scores are used to denotes the relative value o= a 
specific weapon while a firepower index is =the summaticn of 
all firepcwer scores cf all weapons or the overall strength 
Gomecae total force. The firepower score starts out as some 
statistical capability of single-round lethality times the 
ammuniticn expenditure rate. But varying degrees of sukjec- 
tivity are involved in the final score given. fone Eemecr: 
p-87 } 

The numbers and scores for the weapons in Tabie VII are 
definitely cpen for discussion. This is one of the under- 
dying arguments to this appreach. The main pcint here is 
the ccncepts not the particular numbers and score. 

Whether known as weapons efreéectiveness index (WEI), 
weapcns unit value (UV), firepower potential (FPP), or any 
cther of a number of names, firepower indices have been used 
for at least thirty years by military planners. In 
d-vision-level combat and above, firepower indices are used 
aS a representation of unit strength to compare against an 
Cpposing ferce's index to determine outcomes of ccmrat 


processes as shown in table VIII. [Ref. 2] 


TABLE VIII 
USES OF FIREFOWER SCORES 


(1) determine engagement outcomes 
(2) assess casualties 
(3) determine FEEA movement 


and(4) determine tactical decisions. 


Once the firepower index of a unit is determined, as in 
table VII, it is ccmpared to the firepower index of the 
opposing force to get an attacker-defender force ratio. The 
force in Table VII has a firepower index of 32,640. If an 


43 





attacking enemy were to have a firepower index of 146,880, 
then the attacker-defender force ratio (A/D) is 4.5. n 
example of the casuality-rate curves used in the Atlas Model 
is shewn in figure 4.4, Notice the different attrition 
Iates depending on force ratio, type of engagement, and how 
femertied the positicn. [Ref. 2: p.97] 

The firepower score approach to Comba tama tt mat len 
modelling has received a fair amount of criticism. i. 2S 
not aS intuitively appealing as a detailed Lanchester-type 
modsl, tut it as much easier to use in large lével combat. 
This €asier use is de to less parameters to input making it 
€asier tc; build, get data, make computations, and to 
analyze results. Chapter V explores the concepts of another 
aggregaticn approach. While eventually this other approach 
is a type of firepower score, the methodology used +o arrive 
at the score is uniquely known as the antipotential 


potential method. 
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V. REPRESENTATION OF ATTRITION IN IDAGAM 

BYECuSsion of an operational mod2i will highlight the 
points cf the previous chapters. Smalli-arms have not lost 
any of tteir value tc the maneuver conmander in the combat 
Situaticn. They are just appearing to lose it to a modelling 
technique that is forced to evaluate combat in ar aggregated 
fashicn. 

The Institute fcr Defense Analysis Ground-Air Model 
(IDAGAM) isa deterministic computer model of theater level 
conventicnal comtat representing two opposing ground and air 
forces. IDAGAM was initially produced fer use by the 
Studies, Analysis and Gaming Agency, Organizaticn of the 
Joint Chiefs of Staff (SAGA,OJCS). The model was the prin- 
ciple model used by SAGA in analyzing war plans for conven- 
tional land combat. 

The model used new by SAGA is the Integrated Battlefield 
Iterative Model (INBATIM). INBATIM is the model used in the 
Tactical Ferce Capability Analysis (TFCA), the major U.S. 
joint analysis of conventional combat capability. INBATIM 
evolved from IDAGAM and the antipotential potential approach 
described here for IDAGAM is essentially the same as that 
used in INEATIM. INBATIM has dropped the computation of 
close air support frem the ground model and encorporates it 
in the air portion. INBATIM aggregates weapons according to 
classes. There are twelve classes Starting with small arms 
as class I. 5 

The emphasis of this chapter is on the attrition calcu- 
laticnse most often used in IDAGAM for ground combat. Since 
IDAGAM is a theater level nodel, there are many submodels of 


tion on INBATIM is take 
Me. Cummings of SAGA,OJCS 


op 


n from a conversation 
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ampor tance to the overall model. Air combat, logistics, and 
Reeater ccntrol are very critical to the running of the 
model but there is ne need to discuss them in detail here as 
the effects of small-arms are not directly related to then. 

Figure 5.1 shows the organization of the ground ccmbat 
model used in IDAGAM. The discussion of the model will 
concentrate on ccmputing losses of weapons and perscnanel as 
these are the attrition processes where the effects of 
small-artrs are imbedded. The scheme for computing attrition 
is dépendent on the "Mathod for Computing Force Ratio" 
(MCFR). Although there are 13 choices for setting MCFR in 
IDAGAM, he main use of the model by SAGA used MCFR 9 and 
will be the one discussed here. 6 The method (MCFR=9) 
involves the use of antipotential potential with value base 
scaling. [{Ref. 16: p.30] 

The antipotential potential value of a ground weapen is 
the capakility of that weapon to destroy the value (poten- 
tial) or killing capability of another ground weapon. The 
attriticr calculations involve determining both losses of 
personnel and weapons. Both "potential" and "actual" lesses 
are considered. Tre actual number of weapons lost is 
properticnal to the potential number of weapons lost. The 
proportionality constant is based on casualties suffered by 
the fcerce or upon value lost by the force. 

The scheme for computing attrition is carried out as 
Mmedacated 1n Table IX. ’ The potential number of weapons 
Bose Dy type is a function of: total number of weapons orf 
that type, allocaticn of fire of all enemy weapons at the 
weapon type, and the rate at which each of the enemy weapons 


6For a complete ccverage of the 13 methods, see refer- 


_ 7?The scheme shown is for value based scaling, that of 
using a relative ‘value’ of one weapon versus ancther. 
Bene ang shctet are available, but value based is the one most 
often used. 
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THE GROUND CCMBAT MODEL 







PRCRATE WEAPCN 
LOSSES 8Y TYPE 
TO DEVISICNS 











CF WEAPONS AND 
PERSCNNEL 





LOGISTICS BOCK- 
KEEPING & NON- 
EATTLE 

CASUALTIES 








ly force balance, the model is determining whether a proper mix of 
Weapons exists, l.@., is it a balanced combined amms organization? 


“sector attacker is determined by comparing the force ratio in the sector 
to input values for determining attacker/defender. If no cne can attack, 
a holding ocsture exists and attrition calculations are then computsd 
based cn neither side attacking. 


SERA smoothing here means that both attacker and cefender must withdraw 
if their flanks are excesSive with respect to sector frontace. 











Pigure 5.1 THE GROUND COMBAT MODEL. 
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kills a weapon of that type ina day. Also included ars 
@arcraft and air munition loads and their respective rates 


Gee Ka). This 1S basically a modified Lanchester-type 
Square Law equation. [Ref. 16: p.32] 


TABLE IX 
ATTRITON SCHEME FOR VALUE BASED SCALING METHOD 
1) Ccmpute Potential Number of 
Weapons Lost by Type 


2) Ccmpute Casualties Fer Weapon 
Lost By Tyfe Weapcn 


3) Compute Value Lost By the Force 

4) Compute Actual Weapons Lost By Types 

5) Ccmpute Total Casualties Which Will 
Be rqual to the Sum Over All eearer 
Types cf tke Product cf Number o 
Weapons Lost and the Number of 


Casualties Associated With the 
Less of That Weapon Type 


The fractional allocaticn of fire is a sensitive input 
to IDAGAM. Given a "standard" force composed of varicus 
weapcn types, the allocation of fire is the percentage of 
time a particular weapon type w#ill engage each of the 
Varicus weafon types of the opposing force. The ailocation 
may be from a judgmental Delphi technigue or it could be the 
result of examining the cutputs from high resoluticn models 
to see how fires were allocated. UnrORcunetely, CuSrenet 
models for this purpose are of limited use because the 
command and control functions and movement and firing ars 
not mcdelled. (Ref. 16) A rigorous mathematical treatment 
cf the fire allocaticn scheme used in IDAGAM can be found in 
reference 17. 

The mathematics for this scheme is well documented, but 
cne is still faced with the controversial problem of a 


Reeworical database with guestionable alterations from 
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judgmentel sources. Regardless of the sources, one can be 
sure thet small-arms again play the “hidden role of 
controlling movement. 

Peagtre ome dspicts the “attrition computation scheme for 
IDAGAM when the MCFR=S, the most widely used antipctential 
Fotential method. [Ref. 16: p.53] 
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Figure 5.2 COMPUTATION OF WEAPON AND PERSONNEL ATTRITION. 
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The follcwing secticns elaborate on the steps found in 
BVGUr eC Des Qi 


A. DEGRADATION FACTCR DUE TO SHORTAGE OF SUPPLIES 


The numfer of days of supply on hand is equal tc the 
number of tons of supplies in the sector, divided by the 
Number cf people in the sector times the planned daily 
consumption rate for the force plus a Summation over all 
weapon types of the number cf wsapons times the planned 
daily supply consumption rate for the weapon. The suprly 
effectiveness functicn is basically a linear function 
ranging from 0 effectivenss for no supplies on hand , to an 
effectiveness of 1.0 for 3 or more days of supplies on hand. 
[Ref. 16: p.61] 


B. GROUND VALUE COMFUTATION IN VALUE BASED SCALING 


The derived value of a weapon iS proportional tc the 


total rate at which the weapon is destroying the value of 


y a 
Rate at 

> which 1 value of | 

blue weapons Kies red a red type 


Value Of type 4 5 weapons of j weapon 
typ? J 


Figure 5.3 VALUE OF A WEAPON. 


enemy weapons. (see figure 5.3). The kill rate of ani 
shooter firing at a j target is proportional to the fire 
allocaticn of that firer at that target times the input 
value of the 1 shceoter firing at the j target ina partic- 
ular posture. These rates are derived fsom historical 
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investigaticns of past battles, based on ammo experditurs 
and numker of kills with judgmental factors fcr how one 
percieves future comkat to be different from the past. The 
BEopercicnality is v/s wheref is the eigenvalue of thea 
Matrix cf kill rates for each side summed over all weapon 
types. The total value of the force is the summation cf all 
the weapons in the fcerce of each of the weapon type's value 
times the ccresponding number of weapons of that type in the 
force. (Ref. 16] 8 


C. GROUND VALUE BASED OB PERSONNEL STRENGTH 


The effectiveness of a force due to personnel strength 
toamderuncticn of the fracticn cf authorized strength present 
in the gfcerce. ( FIG 5.4) 


ee 
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Figure 5.8 EFFECTIVENESS DUE TO PERSONNEL. 


If —E* is the effectiveness described above and V* is the 
total value of the fcrce, computed as in section B above, 
then the value based cn personnel strength of a type-d divi- 
sion on defense (attack) in a particular posture is defined 
as their product. (Ref. 16] 

(Value Based On Personnel Strength) = E*V*, 


8See reference 16: p.67 for a more complete lock at the 
mathematics of the eicenvalue problen. 
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D. DETERMINATION OF TOTAL GROUND VALUE 


The greund value cf a division is defined as the mininun 
ci the tetal value cf the force or of the value frased on 
perscnnel strength, (see figure 5.5). 


| 7 i uaa ee ee eC 
| value based 
tin V*, cn personnel 
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Figure 5.5 GROUND VALUE. 


The rationale used here is to insure that there isa 
rFalance between perscnnel and weapons, i.e., that the avail- 
able weapons are manned by the availabie personnel. A man 
must have a weapon tc fight with as a weapon must have @ man 
Ereemen sc fire it. 

The total ground value is then computed as in figure 
Sibi. Tke total grcund value is a sumation over all divi- 
Sions of the value of the division times the number of that 


type of division and an appropriate supply shortage factor. 


a. Cf ee oa 
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Figure 5.6 TOTAL GROUND VALUE. 


The interpretation of the total ground value in the sector 
is the pctential value that it can destroy (MCFR=9). It is 
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a functicn of number of weapons, number of personnel ana 
supplies on hand as well as red side parameters. Peer. AG: 
p./71] 


Eo CCMPOTATIONS OF TCTAL AIR VALUE (CAS) IN SECTOR 


The ccmputations fer total air value parallel those for 
total grcund value. Air munition types are uséd in place of 
ground weapen types, fractional allocation of munitions at a 
Specific target type, and the input value of an air munition 
against a specific target type are similar to the ground 
value use. 9 


Fo. COMPUTATION OF FORCE RATIO AND FRACTIONAL VALUE LOST 


The force ratio if no CAS sorties are flown is computed 
as in figure 5.7 (MCFR=0). 


(snr 
| ITCTAL RED GROUND VALUE IN SECTOR | 
Cte whe = a i... | 

TOTAL BLUE GROUND VALUE IN SECTOR | 
a 


Pigure 5.7 FORCE RATIO. 


The fractional value lost daily is a function of fcerce 
ratio and engagement posture. Peegumescm> ao, ange s5.9 illus- 
trate examples for lcsses to the attacker and defender. 
These casualty rate curves are derived from those used in 
the ATLAS medel (see FIG 3.4). These functions have been 
refined, over time, based on judgement, to reflect a higker 
intensity of combat with modern weapons systems. There is 


9See ref 16; Ps 72 for a detailed discussion of computa- 
ton of total Air Value. 
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Figure 5.8 CASUALTY FUNCTION RED ON ATTACK. 


still ccnsiderable cecntroversy regarding the historical base 
or WWII, with changes from the Middle East War, representing 
fii~eute Ccnriicts. The question of how to change the casu- 
alty rate curves to represent a more intense combat énviron- 
rent still appears to warrant attention. (Ref. 16: 
pp. 73-78 } 
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Figure 5.9 CASUALTY FUNCTION BLUE ON DEFENSE. 


Ge. SCALING, COMPUTATION OF CASUALTIES AND WEAPON LOSSES 


when MCFR=9, the fractional value lost is muitiplied by 
the total ground value and divided by the the potential 
value lost to form the scaling ratio. The scaling ratio is 
then multiplied ty the potential number of weapons lcst of 
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each type te the actual number of weapons lost of each type 


mwra sector: 


FRACTIONAL VALUE\/ TOTAL BLUE POTENTIAL 
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In the value based scaling method, the total number of 








casualties is computed arter the actual number of weapcns 
lost is computed. The total number of casualties in a 
sectcr is taken to be the product of the actual number of 
weapons lost of each type and the corresponding number of 
casualties associated with the loss of each weapon type. 
(see FIG 5.10) [{ Ref. 16: p. 82] 
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Pigure 5.10 ACTUAL NUMBER OF CASUALTIES. 
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The input for the number of casualties associat2d with 
each wearcn loss 1s a critical value and again controversial 
With historical data and judgement on increased intensity of 
modern ccmbat. 

ITAGAM has problems similar to those of the detaiied 
models cf the earlier chapters in the representatcn of 
small-arms effects. IDAGAM has nice mathematical relaticns 
cEereun tO handle the modelling of combat with all sorts of 
submodels, but it still relies on a casualty function that 
is historical in nature with changes as perceived by the 
model builder. Remi ceiOcre che LAtehr ton Of Mths otha=sis to 
degrade a historical base of these models. It is important 
that models be validated and history is the best way of 
femng that right now. It must be remembered, however, that 
small-arms played a tig role in the past historical battle 
and will play a large role in the next actual battle. One 
must ke careful not tc forget them in our modeis or “educa- 
total bettlies. 
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VI. DISCUSSION 


Chapter II and appendix A pcint out that smali-arms have 
certain well defined missions and perform certain functicns 
Vital to successful ccmbined arms combat. An examinaticn of 
chapters IV and V reveals that the important functions for 
small-arms of security, personnel safety, terrain danial, 
breaking uf opposing forces, and preventing dismounted 
infantry frcem clearing obstacles are not explicitly repzre- 
Sented in IDAGAM or cther current models. The complexities 
of low-level ccmbat are so great chat CUzrernrt Pmcaders 
designed for theater-level combat must aggregate forces so a 
more manageable level of cembat is achieved. The assump- 
tions used to aggregate the individual weapons are the very 
ones that ccntain the value cf small-arms. 

The guantized values given to tanks or artillery in an 
aggregated model are all based on assumptions that adequate 
security is provided by small arms. Movement rates given 
for attacker/fdefendéer postures in different terrain all 
assume small-arms helping or hindering the movement. The 
probakilities of kill for tank and antitank systems all are 
based on experience in which small-arms play a vital role in 
preventing access tc terrain and channelizing the oppcesing 
FOrCE. The values given to larger weapons systems are not 
totally a representation of a single large weapon, but are a 
representation of that single large weapon supported bya 
complement of small-arms. 

All models need to be validated by some maeéns. There 
has tc be some standard against which to check a model to 
insure that it generates results that are reasonable and as 
teal tc life as possible. In the case of combat models, the 
validation takes place through historical analysis of past 
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battles, with judgemental factors for how one perceives past 
warfare to be different from the present or future. 

The kasis for determining such things in the models as 
relative values of weapons systems, movement rates and 
everall attrition factors, is based on historical interpre- 
tations. All of these historical and judgmental interpreta- 
tions have and had small arms present. There is no data 
base, histcrical or ctherwise, on which to base a 'battie! 
with no small arms. Tees. Of sicourse would be ludzterous but 
is essentially the question one is asking when trying to 
define the value of small-arms in a combined-arms scenario. 

CCL. Tevor N. Dupuy is known for his historical studies 
that define attrition rates such as those used in the ATLAS 
model and further refined for IDAGAM. COL. Dupuy has dével- 
cped tables of Combat Multipliers for various parameters o 


ih 


battle such as weather, terréin, surprise, and others for 
use in his Quantified Judgement Model. A table on defense 
terrain multipliers defines values ranging from 1.05 for 
flat-rare, hard ground to 1.55 for rugged-semiwooded ground. 
[Ref. 18] 

melLogaucal §exensien to COL. Dupuy's work, tying in with 
cbhservations from the National Training Center, would be to 
define the value of small arms as multipliers from the 
standpeoint of making terrain more impassible thrcugh the 
protecticr cf otstacles and channelizing of infantry. For 
example, if a piece of terrain had a value of 1.3 fora 
hasty defense, it might be 1.4 for a defense that placed out 
good obsacles and pessibly 1.5 or 1.6 if those obstacles 
were protected from both reconnaisance and clearing by 
small-arms fire. This concept appears to warrant future 
attention. 
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VII. FINAL REMARKS 


Pee total Contrikution ¢cf£f small-aztms to modern combat is 
not exrrentil y represented explicitly in existing 
aggregated-force models. The various effects of small-arms 
discussed in this thesis simply are not considered. At bkest, 
they aré implicit in the casualty-assesment routines of 
aggregated force models. ine oegs: I fObGs Che nast Orica lL 
development of attrition rates and movement rates of current 
models all have unstated but assumed small-arms support. 

Synergism, the actions or threat of one weapons systen 
cx systems causing ancther weapons system to achieve a kill, 
is what makes the ccmbined arms team a force with a value 
greater than the sum cf its parts. Unfortunately, empiracal 
data to give definition to synergism at the heart of the 
Pace le 25 Gairicult te obtain. 

Small-arms are every bit as vital to a successful battle 
today as they were in the Civil War. New weapons sytems and 
tactics have forced scme evolution on the use of small-arms 
and the small-arms tkemséelves are evolving to meet the chal- 
lange of a technically advanced adversary. With the threat 
and friendly weapons systems advancing at a rapid rate, it 
would be a disastrcusly easy mistake to let small-arms 


advancement and emplcyment fall behind. 
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BENDIX A 


NATIONAL TRAINING CENTER OBSERVATIONS 


DEPARTMENT OF THE ARMY 
U.S. ARMY COMMAND AND GENERAL STAFF COLLEGE 
FORT LEAVENWORTH, KANSAS 66027 





“ REPLY TO 
ATTENTION OF 


ATZL-SWU-N 16 February 1984 


SUBJECT: Use of Infantry at NTC 


Commandant 

Naval Post Graduate School 
ATTN: CPT Larry Lane 

Presidio of Monterey, CA 93940 


1. Reference FONECON between you and LTC Crowley about MG/rifle data from 
National Training Center (NTC). We do not have analytic data on use of these 
weapons systems suitable to support your project. 


2. Problems with collecting such MG/rifle data are: 
a. Lack of links between all dismounted soldiers and the computer. 


b. Smaller numbers of OPFOR infantry than would be available in a Soviet 
formation. 


3. In spite of these limitations, infantry is critical to the conduct of 
mobile operations in the desert. An enclosed staffed article points out 
roles of infantry in the defense. In the offense, a dismounted infantry 
capability is required to: 


a. Clear danger areas and obstacles. 


b. Attack OPFOR positions too well defended to be assaulted by mounted 
forces. 


c. Conduct dismounted operations under limited visibility conditions. a= 


“== ww ~ 


4. Operations at the NTC continue to prove the absolute requirement to-have ~f"l 


res 


well-trained dismounted soldiers available to work as members of the combined y 
arms team in any normal tactical mission. 





1 Encl JON C. 
as Colonel, Infantry 
Director, UTSO 
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ONGLEOst oe. FROM @aBCyY E LETTER 


This issue of Training Notes will present tactics and 
techniques that have froven to be effective for defending a 
Single ccmpany battle position. We will highlight and 
expand on what worked at the NTC. 


MAJOR LESSCNS 

Umaes se crainang at “the NIG@s quickly learn four major 
lesscns about conducting defensive operations. speed of 
CPFOR advance: OPFOR technique, like those of the Sovists, 
do not emphasize terrain driving or bounding overwatch. 
Instead, techniques consistently used are rapid mcvement to 
an assault line, deployment, and then assault. This means 
the CEFCR moves ccnsSiderably faster than units using 
American tactics. Therefore, defending units must act, mass 
fires and shoot quickly. Phere isn't a lot of time £or 
decisionmaking or manéuver; the battle can be won or lost in 
the first 320 minutes from the time the OPFOR main attack 
begins. Effective use of obstacles 1S critical and can 
allow the commander time to reposition forces so that the 
CPFOR is defeated. 

Qbscuration cf the battlefield Obscuration is the normal 
Geogaatien for an attack. The OPFOR normally tries to place 
smoke cn or near the Blue positions and units to hidé his 
movements. Additionally, desert dust conditions, obscura- 
tion caused by impacting indirect fires, and use of on Loard 
smoke generators cause OPFOR trailing vehicles within forma- 
tions to be hidden frem view. 

Initially, units select weapon positions, sectors of 
fire and obstacle locations for full visibility conditions. 
Successful units realize that defensive positions must be 
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Seemap cc work both in full and limited visibility with 


fininal adjustments. They start to position weapons and 
obstacles to meet both conditions. This means weapons are 
placed clcser to enemy avenues of approach, Or where they 


can quickly move to limited visibity positions; obstacles 
are sited closer to weapons, flanking fires are emphasized, 
and more weapons are initially allocated to cover approaches 
the CFFOK méy use under limited visibility conditions. The 
Rey peint cn identifying limited visibility approaches is 
that wher an enemy attacks during limited visibility, he 
Gust attack along anaxis which simplifies navigaticn, 
command, and control. 

Limited visibility as a fiesta imeCcOnG) tie Tamme moray 
applies to any future kattlefield. 

Skillful positioning of weapons: AT weapons must be 


=> > E> SD SP 4S ap ap (EP ES SS eo Ss 


carefully sited to previde cover, mutual support, disper- 


Golo. cam flanking fires, and to allow movement. Obvicus 
terrain rust be avoided. Every favorable fold of all other 


ground must be used. Use of dug-in or hide positions may be 
required. Units toc often tend to go to high ground even 
when it does not provide good weapons positions, or covered 
movement routes. 

Weapcn positions should always be checked from _ the 
enemy's side prior to the battle to ensure proper cover, 
concealment and Siting. If the situation permits, a vehicle 
traversing likely enemy avenues of approach can assist in 
determining exposure. This is especially impcrtant for TOWs 
and Dragcens. From this check, weapons are repositioned as 


necessary. 


CEFOR use of reccn: OPFOR attacks typically begin with 
a nighttime reccnnaissance effort to find obstacles and 
battle pesitions, and to gather information on the Blue 


forces. During this phase, obstacles are either breached or 
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Eypass zeoutes found and marked. Units qusenly seleartn chat 
this reccnnaissance effort must be stopped and that crksta- 
cles must re guarded to prevent neutralization. They should 
be checked at first light to ensure breaches haven't bsen 
made. Local security, movement of direct fire weapons to 
cover okstacles at night, and readiness of a reaction force 
to destroy enemy recon e¢lemnts that penetrate the sccut 
screen are key to defeating an anemy attack. Be ready. 


oos OF BECHANIZED INFANTRY 

Sceme of the most important lessons that come cut of NTC 
operations are on the effective use of infantry. Here are 
some: 

infantry battle pcsitiors: Mech platoons do net defend 
battle pesitions using the mounted technique nor do they 
fire the Dragon from the APC. Units have found that beth of 
these tactics found in FMs 7-7, 71-1 and 71-2 are ineffec- 
tive; they cause AFCS to be destroyed. When firing the 
Dragen cr performing some other task that requires quick 
movement, infantry leaders stop the APC in full defilade, 
dismount the part cf the squad needed and turn the APC 
around <cr guick exit. This technigue allows quicker move- 
ment, is harder for the OPFOR to detect, and results in less 
exposure of the APC. 


When defending a battle postt1 On, experience has 
confirmed the need to quickly and completely dig in. 
Fighting pcsitions must have overhead cover. Placing 
dismounted infantry in naturally restrictive terrain such as 
wadis or steep hills makes this process quicker and easier. 

Use cf carriers: Bradleys haven't been used at the NTC 
yet. With the M113, units seldom position carrier teams 
with the dismounted elements as they found that the APCs are 
difficult tc hide and give away the dismounted platocn posi- 
tions. Rather, APCs are normally kept in hid? positions and 
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[ragons are placed with the dismounted elements. 
Unfortunately, carrier teams are not used in a suppor: by 
fire role. However this must be considered a MILES training 
problen. The M-2, 50 caliber machinegun can penetrate BMPs 
at cilosé range and provide excellent suppressive effects 
against light skinned vehicles and personnel. The full use 
of carriers is not only valid but vital to get maximun fires 
cn the enemy. 
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Missions: Even in the rela- 
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tively cren Armor type desert terrain, infantry has proven 
to be a full fledged partner in the combined arms tsam. 
Good uses of infantry include: 

~Froviding security. OPs, ambushes, and patrols are 
positioned to detect and defeat OPFOR recon elements and to 
give early warning of CPFOR mounted or dismeunted attacks. 

=EUidditg and protecting obstacles. COnesuct on sos 
cbstacles te slow down the OPFOR has proven to be a critical 
fimcticn. One engineer platoon per battalion is not enough 
in the normal time available. Infantry can and must help. 
Infantry must alsc be used to guard obstacles and is 
normally used to clese lanes or gaps in obstacles. They 
Bust be fully prepared. When gaps/lanes must be closed, 
there isn't much time. The infantry element given this 
mission must be provided with demolitions (such as _ shape 
charges) or mines to close the gap or lane, unless the 
company or battalion plans to use FA-delivered scatterable 
Bines. They must have a primary and at least one alternate 
means cf ccmmunicaticns with the company team to make sure 
the obstacle is clcsed quickly once tne order is given. 
This element may stay behind to protect the obstacle fron 
enemy recon/breaching efforts after the lane/gap is closed. 

~Blocking enemy dismounted and mounted approaches. rf 
AT fires can stop the CPFOR advance, the OPFOR will conduct 
a dismounted attack to destroy these weapons--normally 
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moving through wadis or Crnen. rugged) s2e=rain. when 
availble, artillery or mortar FPFs should be planned on 
dismounted approaches and infantry positioned to block then. 
Dismcunted infantry can also block mounted attacks. They 
can do this by being positioned in tank restricted terrain 
and placing Dragon and LAW fire on a high speed approach 
from the flank, or by blocking an ¢nemy movemert across 
mmeactaGakle terrain from well dug in positions protected by 
obstacles. 


CPben LESSONS LEARNED BY USING INFANTRY. 


Place in restricted tsrrain Dismounted infantry must be 


placed in favorable rositions. They should b@2 oon ground 
where they cannot be cverrun by a mounted assault. Wadis, 
steep hilis, protective minefields, or antitank ditches 


frrovide gcod protecticn. 

Fontt expose to jleng range fires and observations: Asa 
general rule, a dismounted positon should not expose the 
infartryman at arangé where he cannot effectively engage 
the enemy. While swaximum range of the Dragon is 1000 
Beters, it should be positioned to fire at the flanks of 
armored vehicles, and so actual Engagement ranges are less. 
The platcon should net be able to shoot (or be shot at) from 
more than this expected engagement range. Observation of 
greater ranges should be made by OPs located away from the 
perce ccSsition. Reverse slope positioning is often used, 
unless well covered fositions, such as wadis, are available 


on the fceward slopes. 


Prepare for disengagement: When dismounted infantry is 
engaged, it is decisively engaged. The short range of 


infantry weapons means that wher they shoot at any major 
CPPOR mcunted attack, they cannot disengage unless the OPFOR 
has keen stopped by massed fires and/or obstacles and 
covered routes of withdrawal are available; or unless the 
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attacking CFFOR has been destroyed or pushed pack. It the 
task force commander's plan is to disengage the infantry, 
the decision must be made early. If the foward position i 


ia 


not intended to be held, it has proven to be effective to 
send dismceunted elements back to occupy and prepare subse- 
guent positions while carrier teams with Dragons are used on 
Gee initial position. 


Cover dismounted infantry with AT fire: The most 
dramatic examples of effective use of: dismounted infantry 
have Feen in cases where the dug in infantry elements were 
attacking the OPFOR flanks and rear with closé in fire while 
he was Eeing engaged by TOWS and tanks in overwatch posi- 
Peon . This caused the OFFOR to fight in two directions. 
When this happened, the OPFOR was completeiy defeated and 
the dismcunted infantry was extracted by the carrier teams 


@eeer the battle. 
GSE CF IGe&S/TANKS 


Cefensive "battles" at the NTC are won or lost by effec- 
tive use of AT firepower. Maximum use of the mobility of 
these systems is critical. These weapons must be maneuvered 
to place effective fires on the enemy and to avoid enemy 
suppression. Here are some of the techniques used. 

Disverse AT weapens: Pnitially, unmes tend to bunch up 
ch dcWinant terrain. This makes command and contrcl é€asier 
but makes you more vulnerable to preparatory fires; es pe- 
Cially if the positicn occupied is obvious or if it has been 
located by OPFCR recon. | It also makes it easier for 
attacking OPFOR tanks and ATGMs to spot and engage defending 
vehicles. 


Use alternate positons: Alternate positions are neces- 


sary tc allow TOWs or tanks to continue engagement if the 


enemy Finpoints the inaczal sposition. The need for 
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alternate positions increases as engagement ranges decrsase. 
In view of the normally rapid OPFOR advance, alt¢rnate posi- 
tions must re close enough for quick movement, Biker OUT SOL 
the enemy weapon Sigkt picture (50-75 meters). If there has 
not reen time to locate or prepare alternate postions, 4s a 
last resort, the vehicle should at least pull out of the 
position after firing three cr four rounds and then recccupy 
Moe enss breaks up the enadmy's sight picczure. 

Use suprlementary positions: Supplementary pesitions 
are cnes which allow weapon fire into a different area. TO 
mass fires cn the enemy, each company will normaily ks given 
cne or mcre on order sectors cf fire, engagement areas, or 
Target Reference Points (TRFs). Likewise the team ccmmander 
normally assigns on crder sectcrs of fire to his platcons. 
As in chcosing alternate positions, rapid movement between 


primary and supplementary pcsitions must be possible. 


Prepare reccn and rehearse routes between positions: 
Experience has shown that most losses take place during 


movement, so routes out of and between positions must have 
cover and ccncealment. If covered routes aren't available 
then use cf smoke can provide some protection. Because the 
CPFOR puts suppressive fires on positions, vehicles normally 
gust defend and move buttoned up and in MOPP 4, Crews must 
actualiy rehearsé mcvements the same way. Here also the 
unit shculd conduct rehearsals while someone is watching 
from the enemy's side to see if vehicles are exposéd. If 
they are, pcesitons or routes should be changed. 

Use cf flank and rear shots: Flanks or rear engagements 
have preven far better than frontal ones. The OPFOR 
doctrine of a rapid advance makes it vulnerable to flank 
sheets. A moving tank crew is generally oriented in its 
direction cf movement. It can detect and engage a weapcen to 
its front far easier than one to its flank or rear. Also 
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its heaviest protection is on the frontal area. Urate 5 bat 
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have placed AT positions to engage the flank or ré 
enemy formations have had some spectacular successes. There 
have keen cases of a Single tank destroying a whole OP 
company! 

Escide on disengagements sarly: in favorable cerrain, 
CPFOR formations advance rarfidly. Normal rate of movemen* 
is 300-400 meters per minute. If the team commander decides 
to move his unit, he must make that decison early enough 
+o request permission from the battalion commander, get the 
word down through his chain of command, and get overwatcnh 
elements into positicn and indirect fires on the ground to 
cover the mcve. Rehearsal of moves are needed to find the 
actual times it will take to make the move. It helps cto 
establish a measured "trigger line" on the ground or évent 
(e.g., "When Team B gets tc BP 34") to use a key to begin 
disengagement actions. 

Eee, cent rol; Unitseanpe = ROt. initially using TRPs, 
engagement areas, near half/far half and other fire centrol 
techniques. This appears to be due toa limited use of 
MILES and/or limited experience at trying te defeat a larce, 
Baoealy advancing OFFOR during pre-NTC training. ) ee tie 
emi, Units find that fire control is essential. Fires 
Bust be massed into the area where the enemy is advancing. 
At the same time these fires must be distributed across the 
enemy formation to avoid multiple ‘firings at the same 
targe*. Units have found they must determine actual 
distances tc the TRPs. This can be done by placing or using 
some object to serve as a range marker and by using a tank's 
Grerisi"s range finder. Knowing actual distance helps fire 
contrcl and precludes firing at OPFOR vehicles out of range. 
Units also have found that marking Target Reference Points 
(TRPS) ky chemical Jights, with shielding to prevent tken 
from Eeing seen from the enemy's side, helps at night. 
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Mien wscsOr seene flrSo Cccntrel technigues and ths fire 
ccntrcl matrix found in FM 71-1, pages 4-36 to 4-39, coupled 
with proper weapons positioning and désignation cf sectors 
cf fire all are workable and necessary. Unfortunately, mest 
units are untrained in these techniques. Although fire 
contrel and skill at weapons positioning are difficult tasks 
to master, units seldom fully develop this proficiency az 
tie Wic. Good shooting, frequent boresighting of the MILES 
FeenheM@cter and contr¢el of fires is essential. 

Pericrm early reccennaissance: Occupation and full prep- 
araticn of a battie position, Roki erpatcyedh il Galrasl sve (elas 
weapcns, siting protective obstacles, establishing hot loops 
and all the other tasks that go into the development of a 
battle yposition, require many manhours. The company 
commander, platoon leaders and FIST chisf must frecen thea 
battle pestion and to select the position of weapons and 
obstacles. Seiecticn of positions 1s easier if a tank and 
TOW vehicle are brought along. This can be done while the 
XO and NCO chain of ccmmand finish preparation and movement. 
When the ccmpany team main body arrives, it can be kept ina 
Pode ssesitien to refuel, camouflage and have maintenance 
performed while leaders check positions. This technique can 
prevent unnecessary vehicle movement on the position. 

Estaklish and enforce werk priorities: Untrained units 
waste toc much time getting started. The suggested work 
priorities found in FM 71-1, page 4-40, are good although 
they sometimes require modification. Tae important thing is 
that units have a practiced SOP for accomplishing all the 
tasks needed to defend a battie position. Selecting weapons 
positions, establishing sectors, laying hot loops, emplacina 
hasty prctective minefields, preparing range cards, and 
camouflaging should ke done automatically in a battle drill 
fashicn. 
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Check pesitions at night: At night send a leader fcward 
With a fassive sight to check light dicipline from the 
enemy's side. 

Courterattack preparaticn: Rapid movement of tanks to 
engage an enemy formation from the flank worxs. . To do ix 
you must plan and prepares. Select tha positions that might 
re used androutes tc then. Have the platoons rehearse. 
Secure tke route and positions with OPs so that the counter- 
attacking fcerce can move rapidly into positicr without the 


fear of running into an enemy force. 


SUMMARY 

This article has identified some of the technigues which 
leaders feund effective in defending against the OPFOR at 
ene: NTC « The OPFOR is a demanding foe. He makes you pay 
for mistakes, just as a real enemy would in combat on any 
Hira ceuraeeterleld. 
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